Background: Maize is the second most important staple crop in terms of area and production in Nepal. The production and yield of maize are low in Nepal as compared to other similar agro-climatic regions. Seed is considered as a vital input in production. The yield of maize can be increased by using improved seeds and technologies. Farmers were generating good income being involved in foundation seed production as compared to certified seed. The maize seed sector in Nepal is handicapped by low domestic research and production capacity, which results in the poor supply of breeder and foundation seed for its multiplication. Hence, this study is aimed to investigate determinants of income from maize seed and adoption of foundation seed production in Palpa District of Nepal.
and disadvantaged groups [3, 4] . Two-third of the maize produced in the hills of Nepal is consumed directly by the farmers.
Seed is recognized as a vital element in boosting agricultural production by agricultural scientists, farmers and development workers [5] . It is considered as essential, strategic and relatively inexpensive input that determines the crop yields [6] . It also governs new innovations based on agriculture [7] . The seed sector in Nepal is handicapped by low domestic research and production capacity, which results in the poor supply of breeder and foundation seed for its multiplication. The production of breeder and foundation seed in Nepal was 31.7 and 429 Mt, but the demand was 340 and 3300 Mt, respectively, in 2009/2010 [8] . Improved seeds of maize cover 614,221 ha of land in the hills with the yield of 2.477 Mt/ha. The total production is 1,521,311 Mt. In contrast, use of local seeds covers 62,350 ha of land with the production of 96,600 Mt and the yield is 1.549 Mt/ha [9] . The yield from improved seeds is much better than local seeds. Improved better quality seeds contribute to about 20-30% increase in yield [10] .
Production of foundation and certified seed requires intensive care and management. It should have high purity, with better germination and be viable quality seed. In most of the countries, certification of seed is mandatory [11] . The major hindrance for commercialization of seed production is small landholding with subsistence and mixed farming system [1] . Lack of availability of quality seed and high price of preferred varieties is detrimental to increase production [12] . About 40-45% of maize is imported annually to the country from India [13] . The available data on maize production show the increase in production was due to the increase in crop area rather than an increase in yield [1] . Farmers are attracted toward hybrid maize production due to the high demand for maize in poultry feed [14] . However, Government of Nepal does not have any record about the hybrid varieties and information on supply of improved seeds is very limited [15] . Maize has yielded more with the adoption of new technology, which has increased the maize production of small holder farmers [16] . Thus, seed is one of the most important inputs for increasing production and yield. Hence, it should be made easily available and used efficiently for the improvement of the livelihood and income of rural people.
Objectives

1.
To assess the profitability of maize seed production. 2. To evaluate the determinants of foundation seed production and its income.
Research methodology
Selection of study area
Maize is considered as a staple crop in the hills of Nepal. The production of maize seed was found more in Palpa among other districts. Hence, Palpa District was selected for this study. The production of maize seed in this district is increasing and farmers adopt the recommended practices (key informant interview with Crop Development Officer of DADO, Palpa, June 2016). The district is one of the districts of Province No. 5 in western Nepal. It has a subtropical climate with an altitude ranging from 251 to 1943 m above sea level. Geographically, the district is situated at 27°52′ north latitude and 83°33′ east longitude. It is located at the mid-hills of Nepal.
Sampling frame and sample size
There were 8 farmers' groups and 3 cooperatives registered in Palpa District. These registered farmers' groups and cooperatives are comprised of 260 member farmers growing maize for seed purpose (DADO, Palpa). The sample size was determined using the software Raosoft at the 95% confidence level, and a total of 182 samples were selected using simple random sampling technique. The sampled household was representative of the district (about 70% representative). Among the total sampled households, there were 18 (10%) and 164 (90%) farmers involved in the production of foundation and certified seed, respectively. As the total sample is 70% representative of the study area, the study of profitability, adoption of foundation seed production and determinants of maize seed income reflects the situation of the district as a whole.
Data collection
The interview schedule was pretested among 10 respondents of Madanpokhara VDC of Palpa District. The necessary modification and corrections were done in the interview schedule before administering to actual respondents for the collection of primary data. Focus Group Discussion (FGD) and Key Informant Interview (KII) were done with the help of prepared interview schedule to triangulate data collected during face-face interview method. Secondary data were collected from the various governmental and non-governmental organizations. The field survey was carried out during June 2016.
Methods and techniques of data analysis
Data were entered in the SPSS software, and analysis was done using SPSS and Stata software. Work on cleaning and missing data was done to improve data quality. Descriptive statistics, mean comparison, probit model, income regression model and the instrumental variable model were used to derive the required result.
Cost of production
The variable cost involved in maize seed production was categorized under six different headings.
where C seed , is total cost of seed in NRs.; C FYM , total cost of farmyard manure (goat, cattle, buffalo and poultry manure) in NRs.; C fert , total cost of chemical fertilizer (urea, DAP and potash) in NRs.; C labor , total cost of labor used (land preparation, applying manure and fertilizer, planting, weeding, rouging, harvesting, post-harvest operation) in NRs.; C tillage , total cost on tillage (tillage by bullock and tractor) in NRs.; C other , total cost on management and other aspects (transportation, certification, inspection, celphos, bag) in NRs.
Benefit-cost analysis
The purpose to do benefit-cost analysis is to find the investment made on the resources will yield a reasonable return to the resources engaged. Benefit-cost ratio (BCR) is assumed as a quick and one of the easiest methods for evaluating the economic performance of any farm [3] . BCR compares the benefit per unit of cost. Thus, BCR was calculated by using the following formula:
where, total income is price of maize seed × total amount of maize seed produced + equivalent amount of stovers and cone of maize seed; total variable cost is summation of cost incurred in the variable inputs.
Econometric models Probit model
In order to identify the determinants of adoption of foundation seed production, probit model was used. The probit model is predominantly used to identify factors influencing the adoption of agricultural practices [17] . The probit model includes believable error term distribution as well as realistic probabilities [18] . Let us suppose Y i is the binary response of the farmers; Y i = 1, if a farmer adopts the foundation seed production and Y i = 0 if a farmer adopts the certified seed production. This model was used to identify the determinants (regressors) on the probability of adoption of foundation seed production (regressand). LSU was computed to study the effect of total livestock holding of household based on the formula [19] (1 cattle/buffalo = 10 goats = 4 pigs = 143 chicken/ducks).
Total variable cost of maize seed production
where Pr (Y = 1) is probability of adoption of foundation seed production; X 1 , gender of household head (male = 1, otherwise 0); X 2 , education of household head (year); X 3 , family type (joint = 1, otherwise 0); X 4 , economically active member in household (number); X 5 , livestock holding calculated as Livestock Standard Unit (LSU); X 6 , farm category (large scale = 1, otherwise 0); X 7 , income from maize seed production (natural log transformation); X 8 , membership (cooperative = 1, otherwise 0); X 9 , training received (yes = 1, otherwise 0); X 10 
Income regression model
The total income from maize seed production was regressed with the important explanatory variables.
Model specification:
where Y is natural log of total income from maize seed production (NRs.); X 1 , gender of household head (male = 1, otherwise 0); X 2 , age of household head (year); X 3 , education of household head (year); X 4 , educated members in the household; X 5 , maize seed area (hectare); X 6 , livestock holding (LSU); X 7 , seed production (foundation seed = 1, otherwise 0); X 8 , extension service (yes = 1, otherwise 0); X 9 , training (yes = 1, otherwise 0); X 10 , membership (cooperative = 1, otherwise 0); X 11 , migration (yes = 1, otherwise 0); a, intercept; b 1 , b 2 … b 10 , coefficients for the respective variables. Regression diagnostics:
The explanatory variables used in models were tested for multicollinearity through the estimation of Variance Inflation Factor (VIF). The VIF value of 10 is recommended as the maximum level.
Instrumental variable model
Adoption of foundation seed production and its contribution on income from the seed were correlated with each other. To combat such endogeneity problem, training received was used as an instrument in the instrumental variable model. The training received and income from maize seed were found to have positive and statistically significant association with the adoption of foundation seed production.
where Ln(Y) is natural log of total income from maize seed production (NRs.); X 1 , gender of household head (male = 1, otherwise 0); X 2 , age of household head (year); X 3 , education of household head (year); X 4 , educated members in the household; X 5 , maize seed area (hectare); X 6 , livestock holding (LSU); X 7 , seed production (foundation seed = 1, otherwise 0); X 8 , extension service (yes = 1, otherwise 0); X 9 , membership (cooperative = 1, otherwise 0); X 10 , migration (yes = 1, otherwise 0); a, intercept; b 1 , b 2 … b 10 , coefficients for the respective variable.
Results and discussion
Among the major socioeconomic variables, experience in maize seed production and livestock holding (LSU) was found statistically significant at the 1% level of significance. Foundation seed production requires intensive care, skills and technical knowledge, so it needs more experience. As expected, the foundation seed producer had about 10 years of experience in seed production as compared to around 6 years among certified seed producers. It was expected that foundation seed producer had more livestock holdings in order to meet the recommended dose of farmyard manure (FYM). This will be crucial to produce a better quality seed as foundation seeds require a high germination and purity percentage than certified seed. Similarly, the livestock holding of foundation and certified seed producer was about 6 LSU and 3 LSU, respectively. Similarly, the foundation seed producers had higher value for other socioeconomic variables such as age, education, household size, active members, educated members, total landholding, access to extension service and training received, compared to certified seed producer (Table 1) . However, dependency ratio 1 and cultivated land were higher among the certified seed producers. The differences, however, were statistically non-significant.
Description of important socioeconomic and demographic characteristics
The variables such as training received, source of foundation and certified seed, and variety used were found statistically significant at either 1 or 5% level of significance (Table 2) . About 89 and 68% foundation seed and certified seed producer, respectively, had received trainings either on maize seed production technology or marketing
1 Dependency ratio = Dependent members/Economically active members [20] .
or general maize grain production. The source of seed was National Maize Research Program (NMRP), Rampur, Chitwan, for the majority of foundation seed producer (61%) and certified seed producer (50%). The source of foundation seed was also NMRP for 50% of the farmers involved in maize seed production in Arghakhachi District, Nepal [7] . About 61% of foundation seed producer and 82% of certified seed producer used the variety Manakamana-3 for production of seed. The study area was a male dominated society (74%). Around 42% of the household had migrated members. The majority (nearly 40%) were the members of farmer groups with closely 91% household accessed to extension service. The average area under maize seed cultivation was 0.32 ha in the study area. Large scale was categorized as those farmers who had more than 0.32 ha of land under maize seed production and small scale as those having less than 0.32 ha of land under maize seed production. The majority of the foundation (61%) and certified seed (56%) producers were found operating at small scale.
Cost of various inputs used in maize seed production
The costs associated with the maize seed production were cost of seed, labor, FYM, chemical fertilizer, tillage and management/other. The cost for each of the cost items, which was calculated on a per hectare basis, was higher in the case of foundation seed production except management/other cost. A cost on seed per hectare for the foundation and certified seed was NRs. 2421 and NRs. 1836, the difference was significant at the 1% level of significance. The cost of labor and FYM used for foundation seed was NRs. 10,551 and 13,260 more than that of certified seed, and the difference was significant at the 1% level of significance. Similarly, the cost of chemical fertilizer for foundation seed production was higher than that for certified seed production by NRs. 1102 (Table 3) . The difference was statistically significant at the 1% level of significance.
Economic analysis of maize seed production
The overall average production per household was 504 kg with B:C ratio of 0.98 in the study area. The overall yield, total income and profit from the maize seed production per hectare were 1636 kg, NRs. 75,733 and NRs. −6739, respectively. The average production of foundation and certified seed was about 611 and 492 kg per household, respectively. The yield of foundation and certified seed was 2161 and 1579 kg, respectively. The difference was found statistically significant at the 1% level of significance. The higher yield of foundation seed was mainly due to higher experience on seed production, access to training, source of seed from NMRP, variety used, more livestock holding and also due to intensive care during its production (Tables 1 and 2 ). The total cost for foundation seed production (NRs. 106,205) was higher as compared to certified seed production (NRs. 79,868). The difference was statistically significant at the 1% level of significance. The total cost for foundation seed production was higher because it requires intensive care and management. The income from foundation seed (NRs. 122,177) was significantly higher as compared to certified seed production (NRs. 70,636). The income of foundation seed producers was higher by more than NRs. 51,000 as the selling price of foundation seed was higher (NRs. 85 in the case of foundation seed vs. NRs. 59 in case of certified seed) and the yield was also higher. The profit from foundation seed was NRs. 15,971, whereas there was a loss of NRs. 9232 from certified seed production. The difference was found statistically significant at the 1% level of significance. The benefit-cost ratio of foundation and certified seed production was 1.16 and 0.96, respectively, and the difference was found statistically significant (Table 4 ). This revealed that foundation seed production was a profitable business. There was a practice of applying FYM at the time of land preparation for maize seed cultivation. This FYM was also targeted for other crops grown in a same cropping year. Hence, the calculation of total cost that includes the cost of entire FYM as well as family labor in transporting the FYM to the field had resulted in a low benefit-cost ratio.
Determinants of adoption of foundation seed production using probit model
Household income increases with the adoption of foundation seed production as its price is higher as compared to certified seed production. So, probit model was used to identify the determinants of adoption of foundation seed production. The likelihood ratio Chi-square (LR chi 2 ) for the model was statistically significant at the 1% level of significance (Table 5) , which revealed the model has good explanatory power.
The explanatory variables such as education of household head, family type, active members, farm category, income and training received were major influencing factors for the adoption of foundation seed production. If the education of HHH increased by 1 year, then the probability of adopting foundation seed production would decrease by about 0.4% which was statistically significant (Table 5 ). This revealed that those who were educated gets involve in certified seed production. If the household had joint family type, the probability of adoption of foundation seed production would decrease by about 6%. The relation was statistically significant at the 5% level of significance. With an increase in the economically active member, the probability of adopting foundation seed production would increase by about 1% and was statistically significant at the 10% level of significance. Active members are energetic and they adopt new technology and practices, so it has a positive effect. The positive effect of active members on the adoption of sustainable soil management practice (SSMP) was also found [21] . If the farmers would be able to allocate the large area under maize seed cultivation, the probability of adopting foundation seed production would increase by about 4%. Similarly, if the farmers received more income per hectare from maize seed production, the probability of adoption of the foundation seed production would increase by about 11% which was statistically significant at the 1% level of significance. Farmers can generate more income from the sale of foundation seed as its price as well as the yield was higher as compared to certified seed. If farmer received training on maize seed production technology or marketing, then the probability of adopting foundation seed production would increase by 4.6% as compared to the nonreceivers (Table 5 ). This might be due to the fact that the farmer gains high skills and knowledge through training. Hence, get motivated to adopt the new technology.
The previous finding also showed that the farmers who received training would adopt SSMP by 73.5% and was highly significant [21] . The positive relationship between training received and adoption of organic fertilizers as well as on the intensity of use of improved yam seed technology was also noted [22, 23] . The other variables such as gender of HHH and livestock holding (LSU) influence positively. However, the dummies for membership in cooperative and seed source from NMRP on the adoption of foundation seed production showed the negative association though they were statistically non-significant. 
Determinants of income from maize seed using the income regression model
The value of R 2 indicates that around 61% of the variations in income from maize seed was explained by the explanatory variables in the model. The value of adjusted R 2 indicates that when the degree of freedom is taken into account, about 58% of the variations in the dependent variable (income) is explained by explanatory variables in the model. The statistically significant F value implies that the explanatory variables included in the model are important for the explanation of the variation in the dependent variable. The mean VIF was 1.19, which is less than the recommended VIF value of 10 as the maximum level. Thus, multicollinearity in the selected model is significantly low.
With respect to age, increase in age of HHH by 1 year, the income from maize seed production increases by 0.6%, which was statistically significant at the 5% level of significance (Table 6 ). It was expected that the increase in age of household head means an increase in experience. Hence, more experienced people would use their knowledge and idea wisely to increase production, therefore income, from maize seed production. Similarly, 1 year increase in the education of the HHH would increase the income by 1.5% and was found statistically significant at the 10% level of significance. The more year of schooling means more education and knowledge so that they can apply in their practical life and help to increase the income. As the educated member in HH goes up by one unit, the income would increase by 3% which was statistically significant. As the involvement of household members is more in agriculture, increase in the education level of household member would adopt better management practices and increase the income. With an increase in the maize seed area by one unit (hectare), income would increase by about 242%, which was found highly significant at the 1% level of significance. Production would be more from larger area which would ultimately increase the income. Those farmers involved in the production of foundation seed, their income would increase by about 44% as compared to those who were involved in certified seed production and was statistically significant at the 1% level of significance. The price of foundation seed was more than that of certified seed, so farmer's income would increase more if they involved in the production of foundation seed.
For those farmers who had received extension services, their income would increase by about 24% as compared to those who did not receive and was found statistically significant at the 5% level of significance. Access to extension service helps to increase the technical knowledge and information about better practices. Similarly, those who were the members of cooperatives, their income would increase by about 15% as compared to those who were member of farmer groups and found statistically significant at the 5% level of significance. The cooperative is supposed to have more capital and is a circle of more people and can be said big organization as compared to farmer groups and organizes various programs at district or even the regional level to increase the knowledge of farmers. For those households who had migrated member, their income would decrease by about 26% as compared to those who did not have migrated member. The relationship was statistically significant at the 1% level of significance. Migration of the member from household creates the shortage of labor. As agricultural practice is more laborious, labor is the active factor in factors of production which is an important in determining production and income. It was reported that land size, extension visit and membership in cooperatives influence the profitability of maize seed significantly in Zamfara State, Nigeria [24] . Similarly, it was also noted that the extension visit and membership in a farmer's association had a positive effect on farmer's profit among the small-scale maize seed in west and central Africa [25] .
The other explanatory variables such as gender of household head, livestock holding (LSU) and training received were statistically non-significant.
Effect on maize seed income using the instrumental variable model
During the analysis, it was found that the income from maize seed and training received had positive and statistically significant effect on the adoption of foundation seed production. Adoption of foundation seed production had positive and statistically significant effect on income from maize seed production. To combat such endogeneity, the instrumental variable model was used. Hence, the adoption of foundation seed production (as a dummy) was instrumented and the variable training received was used as an instrumental variable. The highly significant F value indicates that the selection of explanatory variables in the model was enough to describe the variation in the dependent variable. About 60% variation in the dependent variable was explained by the explanatory variable (Table 7 ). In the instrumental variable model, the production of foundation seed had a positive effect, but it was statistically non-significant. This revealed that actually the production of foundation seed does not have a significant effect on income of farmers in the study area. 
Conclusion
The study revealed that the foundation seed producer had more year of experience in maize seed production. The livestock holding (LSU) was also higher in the case of foundation seed producer. The source of seed, variety used and training received about maize seed production technology was significantly different between the foundation and certified seed producer. The income from foundation seed production was more than about NRs. 51,000 with B:C ratio 1.16 as compared to certified seed. The low B:C ratio 0.96 of certified seed indicates that the certified seed production in the study area was at a loss. The major determinants of adoption of foundation seed production were income from maize seed production, training received and type of family. Production of foundation seed would increase the income of maize seed positively and significantly by about 44%. The major determinants of income from maize seed production were maize seed area, foundation seed production, HH migration status, extension service and membership in cooperative. To address the endogeneity problem, the instrumental variable model was used and found the major determinants as maize seed area, membership in cooperative and migration to influence maize seed income. The production of foundation seed and extension received were found non-significant on the total income from maize seed production. The foundation seed production was profitable in the study area. So proper trainings and extension service is needed to aware and motivate the farmers to adopt the foundation seed production which could uplift their economic condition. Similarly, farmers can increase their area through contract and cooperative farming. 
